Blood flow to the brain was studied in 11 patients suffering from subclavian steal syndrome. The venous isotope-dilution method was used to measure total blood flow to the brain and the dye-dilution method with intravenous administration of 50 mg of Evans blue was used to determine cardiac output. Cerebral blood flow was significantly lower in the 11 patients with subclavian steal syndrome than in the control group, and the 02 consumption of the brain was low, cerebral resistance was elevated, and the cerebral fraction of the cardiac output was decreased in comparison with the controls.
subclavian artery. The regulation of the cerebral circulation in patients suffering from subclavian steal syndrome, therefore, needs study.
Methods Cases Studied
Our investigations were performed on 11 patients suffering from subclavian steal syndrome.
We have considered the following data as criteria for the diagnosis of the subclavian steal syndrome: (1) a reversal of blood flow in the vertebral artery proved angiographically; (2) a difference in blood pressure of more than 30 mm Hg between the right and left brachial arteries, and (3) a pressure gradient of more than 30 mm Hg between the vertebral and the brachial artery.
All of our patients had cerebral complaints, such as dizziness, ataxia, foggy vision, or sensory or motor changes. Eight of them had transitory attacks of cerebral ischemia, and in four the transitory ischemic episodes appeared during arm exercise. 1185 cerebral arteriovenous 02 difference in volumes per 100 ml. The 02 concentrations in blood from the internal jugular vein and the femoral artery were determined with Kipp's electric oximeter from the blood samples. The cerebral blood fraction of the cardiac output (CCOF) was calculated from the total cerebral blood flow (CBF) and the cardiac output (CO) as follows:
CCOF(%) = CBF (ml/min) x 100.
CO (ml/min)
The data on cerebral circulation in patients suffering from subelavian steal syndrome were compared with those obtained in the control group of 32 patients.
In 10 of our 11 cases, a second investigation of the cerebral circulation was performed as follows: Blood flow in the arm on the side of the steal syndrome was blocked for 2 to 3 min with a mercury manometer cuff placed in the upper arm. This stopped the retrograde blood flow from the vertebral artery directed to the arm.
The cerebral circulation also was investigated in three of the patients after the successful operations on the proximal segment of the subclavian artery. Student's t-test was employed in the statistical analysis.
Results
The most important data on the cerebral blood circulation in the 11 Tables 1 and 2 indicate that the cerebral circulation in the subelavian steal syndrome differs from the normal to a significant degree. In most of the cases, cerebral blood flow was pathologically low, and 02 consumption of the brain was also pathologically low, while vascular resistance in the brain was greatly increased and the cerebral blood flow fraction of the cardiac output in subelavian steal syndrome was significantly decreased. There was, however, no significant difference between the most important parameters of systemic circulation-blood pressure, cardiac output, and total vascular resistance-in the two groups.
During application of the tourniquet to the upper arm to occlude brachial artery flow, mean cerebral blood flow of the 11 patients increased by 92 ml/min (tables 3 and 4). Cerebral 02 consumption became higher by 3.2 ml/min, and the cerebral fraction of the cardiac output was enhanced by 1.7%. AccordCirculation, Volume XLII, December 1970 1188 SUBCLAVIAN STEAL SYNDROME ing to the mathematical-statistical analyses, the changes in the cerebral blood flow, the cerebral vascular resistance, the cerebral 0.) consumption, and the cerebral blood flow fraction of the cardiac output are significant (table 4) . In all three patients whose cerebral circulation was investigated after surgical correction of the occlusion in the subclavian artery, the cerebral blood flow, the cerebral 02 consumption, and the cerebral blood flow fraction of the cardiac output increased (table 5) .
The most important results of our investi- Reivich and associates3 measured blood flow with a magnetic flowmeter in the vertebral artery of two patients suffering from the subclavian steal syndrome. At operation, when the subclavian artery was occluded proximal to the vertebral artery, flow measurements confirmed reversal of flow in the vertebral artery. In dogs these investigators produced the syndrome by occluding the subclavian artery proximal to the origin of the vertebral artery. Retrograde blood flow in the vertebral artery during occlusion was usually almost as large as the normal antegrade blood flow in the vertebral artery before ligation. Simultaneous measurement of blood flow in the common carotid arteries with electromagnetic flowmeters demonstrated that in spite of an increase in blood flow in the common carotid arteries and in the contralateral vertebral artery, the total cerebral blood flow was significantly decreased in the experimentally created subclavian steal syndrome. The experiments, performed on monkeys by Handa and associates4 confirm the results reported by Reivich's group.3 When the total cerebral blood flow was calculated on the basis of the blood flow in the internal carotid artery and in the vertebral artery, a decrease of 10 to 207o% of the cerebral blood flow was observed after the ligation of one of the subclavian arteries.
Powers and associates5 measured cerebral blood flow in monkeys before and after production of a subclavian steal syndrome. The cerebral blood flow had decreased to 20 to 70% from the normal flow in the control studies. Berger and associates6 measured blood flow in the vertebral and the internal carotid arteries at operation on two patients suffering from subclavian steal syndrome. According to their calculation, the retrograde flow of the vertebral artery resulted in a decrease of about 20% in cerebral blood flow. In the course of their experiments, performed on dogs Sammartino and Toole7 observed that the difference in blood pressure between the cerebral and brachial vascular beds was the cause of the reversal of blood flow in the vertebral artery. Indeed, the pressure difference determined the degree of the cerebral steal. Another remarkable observation by Sammartino and Toole was that constriction of the vascular system of the ipsilateral upper extremity decreased retrograde blood flow in the vertebral artery while dilatation increased it.
Other experiments concerning the regulation of circulation in the upper extremities are worth mentioning, too. SUBCLAVIAN STEAL SYNDROME In all likelihood the increase of cerebral blood flow on application of a tourniquet to the arm on the side of the subelavian occlusion is caused by the decrease in the retrograde blood flow from the vascular area of the brain following the acute increase of the resistance of the brachial vascular bed. This supposition is confirmed by Sammartino and Toole's animal experiments7 and by clinical observation that ischemic symptoms are often manifest after exercise or work of the arms.
Our investigations of the cerebral circulation of three patients after operation suggest that the pathologic regulation of the cerebral circulation in subclavian steal syndrome is most reversible. A significant increase of cerebral blood flow, cerebral 02 consumption, and the cerebral blood flow fraction of the cardiac output can be achieved with restoration of flow in the subelavian artery or with the ligation of the vertebral artery.
